IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



ASSISTANT COMMISSIONER FOR PATENTS 

Washington, D.C. 20231 Attorney's Docket Number: 5552.0953-04 

Prior Application: 

Art Unit: 1806 
Examiner: Schelner. T. 



SIR: This is a request for filing a 

[ ] Continuation [X] Divisional Application under 37 C.F.R. § 1.60 of pending prior 

application Serial No. 08/267.539 filed June 29. 1994 

of Mathias FIBI et al. for ERYTHROPOIETIN (EPO) PEPTIDES AND ANTIBODIES 

[Inventor(s)] DIRECTED AGAINST THESE 

[Title of Invention] 



1 . [XX] Enclosed Is a complete copy of the prior application including the oath or 

Declaration and drawings, if any, as originally filed. I hereby verify that the 
attached papers are a true copy of the first filed prior application Serial 
No. 07/556.423 as originally filed on July 24. 1990 . 

2. [XX] Cancel Claims 2-4 and 13 . (At least one original independent claim must 

be retained for filing purposes.) 

3. [XX] A Preliminary Amendment is enclosed. 

4. [XX] The filing fee is calculated on the basis of the claims existing in the prior 

application as amended at 2 and 3 above. 



For 


Number Filed 


Number Extra 


Rate 


Basic Fee $770.00 


Total 
Claims 


18 -20= 


0 


x$ 22.00= 


$ 0 


Independent 
Claims 


3-3= 


0 


x$ 80.00= 


0 


Multiple Dependent Claimfs) (\f aoolicable^ 


+$260.00= 




Total 


770.00 


Reduction by V2 for 
filina bv small entitv 




TOTAL FILING FEE 


770.00 
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5. [XX] A check in the amount of $ 770.00 to cover the filing fee is enclosed. 

6. [XX] The Commissioner is hereby authorized to charge any fees which may be 

required including fees due under 37 C.F.R. § 1.16 and any other fees 
due under 37 C.F.R. § 1.17, or credit any overpayment during the 
pendency of this application to Deposit Account No. 06-0916. 

7. [XX] Amend the specification by inserting before the first line, the sentence: 

-This is a [ ] continuation [ X ] division of application Serial No. _ 
08/267.539. filed June 29. 1994 . now allowed, which is a continuation 
of Serial No. 08/135,121, filed June 28, 1993, now abandoned, which is a 
continuation of Serial No. 07/830,895, filed February 4, 1992, now 
abandoned, which is a division of application Serial No. 07/556,423, filed 
July 24, 1990, which has been issued as U.S. Patent No. 5,106,954. 

8. [ ] New formal drawings are enclosed. 

9. [XX] The prior application is assigned of record to: Behrinawerke 

Aktienaesellschaft 

1 0. [XX] Priority of application Serial No. P 39 24 746.5 filed on Julv26. 1989 

in Federal R epublic of Germany (country) is claimed under 35 U.S.C. 
§ 1 1 9. A certified copy 

[ ] is enclosed or [X ] is on file in the prior application. 

1 1 . [ ] A verified statement claiming small entity status 

[ ] is enclosed or [ ] is on file in the prior application. 

1 2. [XX] The power of attorney in the prior application is to at least one of the 

following: FINNEGAN, HENDERSON, FARABOW, GARRETT & 
DUNNER, LLP., Reg. No. 22,540, Douglas B. Henderson, Reg. 
No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett, 
Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 
Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645; 
Jerry D. Volght, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; 
Kenneth E. Payne, Reg. No. 23,098; Herbert H. Mintz, Reg. No. 26,691; 
C. Larry O'Rourke, Reg. No. 26,014; Albert J. Santorelli, Reg. No. 22,610; 
Michael C. Elmer, Reg. No. 25,857; Richard H. Smith, Reg. No. 20,609; 
Stephen L. Peterson, Reg. No. 26,325; John M. Romary, Reg. 
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No. 26,331; Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. 
No. 27,932; Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg. 
No. 25,387; Richard L. Stroup, Reg. No. 28,478; David W. Hill, Reg. 
No. 28,220; Thomas L. Irving, Reg. No. 28,619; Charles E. Lipsey, Reg. 
No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, Reg. 
No. 28,818; Martin I. Fuchs, Reg. No. 28,508; E. Robert Yoches, Reg. 
No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan Haberman 
Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. 
Jenkins, Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432; 
Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley, Reg. 
No. 31,354; John C. Paul, Reg. No. 30,413; David M. Kelly, Reg. 
No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol P. Einaudi, Reg. 
No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; Steven M. Anzalone, 
Reg. No. 32,095; Jean B. Fordis, Reg. No. 32,984; Barbara C. McCurdy, 
Reg. No. 32,120; James K. Hammond, Reg. No. 31,964; Richard V. 
Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No. 32,824; Dirk D. 
Thomas, Reg. No. 32,600; Thomas W. Banks, Reg. No. 32,719; 
Christopher P. Isaac, Reg. No. 32,616; Bryan C. Diner, Reg. No. 32,409; 
M. Paul Barker, Reg. No. 32,013; Andrew Chanho Sonu, Reg. No. 
33,457; David S. Forman, Reg. No. 33,694; Vincent P. Kovalick, Reg No 
32,867. 



1 3. [XX] The power appears in the original declaration of the prior application. 



1 5. [XX] Please address all correspondence to FINNEGAN, HENDERSON, 
FARABOW, GARRETT and DUNNER, L.L.P., 1300 I Street, N.W., 
Washington, D.C. 20005-3315. 



14. [ ] 



Since the power does not appear in the original declaration, a copy of the 
power in the prior application is enclosed. 



16. [ ] 



Recognize as associate attorney 



(name, address & Reg. No.) 



17. [ ] 



Also enclosed is 



PETITION FOR EXTENSION If any extension of time is necessary for the filing of this 
application, including any extension in the parent application, serial no. 08/267.539 . 
filed June 29. 1994 , for the purpose of maintaining copendency between the parent 
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application and this application, and such extension has not othenwise been requested, 
such an extension is hereby requested, and the Commissioner is authorized to charge 
necessary fees for such an extension to our Deposit Account No. 06-0916. A duplicate 
copy of this paper is enclosed for use in charging the deposit account. 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LL.P. 



By:_ 

Carol P. linaudi 

Date: July 21, 1997 Reg. No.: 32,220 



PATENT 

Attorney Docket No. 5552-0953-04 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
MATH IAS FIBI et al. 
Serial No.: Not Assigned 
Filed: July 17, 1997 

For: ERYTHROPOIETIN (EPO) PEPTIDES 
AND ANTIBODIES DIRECTED AGAINST 
THESE 



PRIOR APPLICATION 
Group Art Unit: 1806 
Examiner: T. Scheiner 



Assistant Commissioner of Patents 
Washington, D.C. 20231 



Sir: 



PRELIMINARY AMENDMENT 



Prior to examination on tlie merits, please amend the application as follows: 



LAW OFFICES 



IN THE SPECIFICATION 

Page 3, line 32, delete "142" and insert therefor - 138--. 

Page 8, line 13, delete "P2-Sepharose" and insert therefor -P2- SEPHAROSE 



resin--. 



FiNNECAN, Henderson, 1 1 
Farabow, Garrett ' i 

% DUNNER,L.LP. -j 

I300 1 STREET, N. w. ; i reslns — . 

WASHINGTON, D, C. 20005 ] ] 
202-408-4000 



Page 10, line 11, delete "Sepharose" and insert therefor -SEPHAROSE-- 
Page 10, line 12, delete "Sepharose" and insert therefor - SEPHAROSE 



, Attorney Docket No. 5552. 0953-04 

Page 1 0, line 13, delete "Sepharose" and insert therefor -SEPHAROSE resins- 
Page 1 1 , line 17, delete "Sepharose" and insert therefor -SEPHAROSE resins- 

; Page 1 1 , line 24, delete "Sepharose" and insert therefor -SEPHAROSE-. 

Page 1 1 , line 27, delete "Sepharose" and insert therefor -SEPHAROSE resins- 
Page 12, line 34, delete "Sephadex®" and insert therefor "SEPHADEX-. 
Page 1 3, line 1 2, delete "Sephadex®" and insert therefor "SEPHADEX--. 
Page 1 3, line 1 9, delete "Sephadex®" and insert therefor -SEPHADEX-. 
Page 14, line 14, delete "Sepharose" and insert therefor -SEPHAROSE resins- 

! Page 14, line 21 , delete "peptide-Sepharose" and insert therefor -peptide- 

' SEPHAROSE resins-. 

Page 14, line 27, delete "peptide-Sepharose" and insert therefor -peptide- 

. SEPHAROSE resins-. 

Page 16, line 12, delete "Sepharose" and insert therefor -SEPHAROSE resins- 

IN THE ABSTRACT 

At line 15, please delete "said". 



U IN THE CLAIMS 

Please cancel claim 1 without prejudice or disclaimer thereof. 



Please amend the following claims: 

LAW OFFICES ; i 

FiNNEGAN, Henderson, \ \ 
Farabow, Garrett I 

8 DUNNER,L.L.P. ;j 

I300 I STREET, N. W. ! ; - 2 " 

WASHINGTON, D. C. 20005 

202-'40S-4000 * ' 
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5. [The use of EPO peptides as claimed in claim 11 A method of using 
[ erythropoietin (EPO) peptide for the preparation of epitope-specific anti-EPO 

; ; antibodies, an epitope being defined as being composed of one or more peptides, or 
one or more sections of peptide sequences , wherein said EPO peptide consists 
' essentially of a peptide of less than the complete erythropoietin protein, said peptide 
i selected from the group consisting of amino-acid positions 1 to 35 (P4). 7 to 22 (P4/1V 
.' 44 to 78 (P3). 52 to 63 (P3/1). 74 to 109 (P^). 84 to 95 (P1/1 V 93 to 137 (P5). 1 10 to 
123 (P5/1). 142 to 166 (P2 ) and 152 to 166 (P2/1) in accordance with the numbering of 
the amino-acid position s of natural EPO . and/or directed against an EPO epitope 
[according to claim 51 . an epitope beino defined as being composed of one or more 
peptides, or one or more sections of peptide sequences . 

6. An [epitope-specific anti-EPO] antibody[, which is directed against an 
EPO peptide as claimed in claim 1 , and/or directed against an EPO epitope according 

, ; to claim 5] directed aoainst an erythropoietin (EPO) peptide, wherein said antibody 
; neutralizes the biological actiyity of EPO. and wherein said EPO peptide consists 
H essentially of a peptide of less than the complete erythropoietin protein, said peptide 
'J haying an amino acid sequence selected from the group consisting of amino-acid 
i; positions 138 to 166 (P2) and 152 to 166 (P2/1) in accordance with the numbering of 
W the amino-acid positions of natural EPO . 

LAW OFFtCES ' ; 

FiNNEGAN, Henderson, ; ^ 
Farabow; Garrett I ■. 

B DUNNER,L.L,R H 

I300 r STREET, N. W. H - 3 " 

WASHINGTON, D- C. 2000S | ; 
202-408-4000 



Attorney Docket No. 5552.0953-04 

s 

7. The [epitope-specific anti-EPO] antibody [as claimed in] of claim 6[, which] 
in which the antibody is a monoclonal antibody. 

12. A diagnostic aid containing an EPO peptide as [claimed] defined in claim 
[1] 5 for the detection of anti-EPO antibodies. 

14. A pharmaceutical composition containing an epitope-specific anti-EPO 
■ antibody as claimed in claim 8 and[, where appropriate, pharmaceutically tolerated 

, auxiliaries and additives] a pharmaceutically acceptable excipienf 

15. A pharmaceutical composition containing an anti-idiotype antibody as 

T: . claimed in claim 9 and[, where appropriate, pharmaceutically tolerated auxiliaries and 

: additives] a pharmaceuticallv acceptable excipienf 

Please add the following new claims: 

-1 7. An anti-erythropoietin (EPO) antibody directed against epitopes that binds 
to the EPO receptor. 

18. An anti-EPO antibody as claimed in claim 1 7, which neutralizes the 
i; biological activity of EPO. 

19. An anti-EPO antibody as claimed in claim 17, which is a monoclonal 
i antibody. 

20. A diagnostic aid containing one or more anti-EPO antibodies as claimed in 
ij claim 17 for the detection of EPO. 

LAW OFFICES 

FiNNEGAN, Henderson, ^ j 
Farabow; Garrett : \ 

% DUNNER,LL.P. ]l 

J300 I STREET, N. W. | - 4 - 

WASHINGTON, D. C. aOOOS \i 
202-408-4000 
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21 . A pharmaceutical composition containing one or more anti-EPO 
antibodies as claimed in claim 17. 

22. A method for purifying EPO, EPO derivatives or EPO peptides by using 
one or more anti-EPO antibodies as claimed In claim 17. 

23. An anti-EPO antibody as claimed In claim 5, which Is directed against 
epitopes which bind to the EPO receptor.-- 



REMARKS 

Claims 5, 6, 7, 12, 14 and 15 have been amended. Claims 17-23 have been 
newly added. Claim 1 has been canceled. 

If there are any fees due In connection with the filing of this paper, please charge 

the fees to our Deposit Account No. 06-0916. If a fee is required for an extension of 

time under 37 C.F.R. § 1.136 not accounted for above, such an extension is requested 

and the fee should also be charged to our Deposit Account. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 



LAW OFFICES 

FINNEGAN, Henderson, ; 
Farabow, Garrett 

8 DUNNER,L.UP. 

I300 I STREET, N, W. 
WASHINGTON, D. C. 20005 ] 
202-40S-4000 



Date: July 21, 1997 



By: ^ 



Carol P. Einaudi 
Reg. No. 32,220 



HOE 89/B 035 - Ma 755 

BEHRINGWERKE Aktiengesellschaf t 

D-3550 Marburg^ Bnndesrepublik Deutschland 

Erythropoietin fSPO) peptides and antibodies 
directed against these 

The invention relates to erythropoietin (EPO) peptides 
and to the use thereof for the preparation of epitope- 
specific anti-EPO antibodies. The invention furthermore 
relates to epitope-specif ic anti-EPO antibodies which may 
5 be polyclonal antibodies (antisera) or monoclonal anti- 

bodies. The invention additionally relates to the use of 
the epitope-specif ic anti-EPO antibodies for purifying 
EPO, EPO derivatives or EPO peptides. The invention also 
relates to anti-idiotype antibodies which Imitate an EPO 

10 receptor region. Finally, the invention relates to the 
use of the epitope-specif ic anti-EPO antibodies for the 
detection, preferably the epitope-specif ic detection, of 
EPO, pharmaceuticals which contain the said EPO peptides, 
anti-EPO antibodies or anti-idiotype antibodies and 

15 diagnostic aids for the detection of EPO or of anti-EPO 

antibodies . 

Erythropoietin (EPO) is a glycoprotein hormone with 166 
amino acids, 4 glycosylation sites on amino-acid posi- 
tions 24, 38, 83, 126 and a molecular weight of about 

20 34,000. It is initially produced as a precursor protein 

with a signal peptide of 23 amino acids. EPO stimulates 
mitotic division and the differentiation of erythrocyte 
precursor cells and thus ensures the production of 
erythrocytes . It is produced in the kidney when hypoxic 

25 conditions prevail. During EPO- induced differentiation of 

erythrocyte precursor cells there is induction of globin 
synthesis and increases in - the synthesis of the heme 
complex and in the number of ferritin receptors. This 
makes it possible for the cell to take on more iron and 
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synthesize functional hemoglobin. Hemoglobin in mature 
erythrocytes binds oxygen. Thus, the erythrocytes and the 
hemoglobin contained in them play a key part in supplying 
the body with oxygen. The complex processes which have 
been described are initiated by the interaction of EPO 
with an appropriate receptor on the cell surface of the 
erythrocyte precursor cells; cf . Graber and Krantz, Ann. 
Rev. Med. 29 (1978), 51-66. EPO can either be isolated 
from natural sources, such as human urine (cf., for 
example, Miyake et al., J. Biol. Chem. 252 (1977), 5558- 
5564) or be prepared by genetic engineering methods (cf., 
for example, EP-A2 148 605). 

Patients with renal insufficiency are unable to produce 
EPO and therefore suffer from anemia. There have already 
been successful attempts to compensate for this insuffi- 
cient supply of EPO and to diminish the symptoms of 
anemia by administering recombinant EPO; cf . The Lancet, 
April 4, 1987, "Erythropoietin", pages 781-782; Eschbach 
et al.. The New England Journal of Medicine 316 (1987), 
73-78. Despite this, little is as yet known about the 
mechanism of the interaction of EPO with its receptor. 
However, the use of specific antibodies against EPO would 
provide the opportunity to establish both the immunolo- 
gical and the functional characteristics of the EPO 
molecule. Furthermore, disturbances of EPO regulation 
might be treated with neutralizing antibodies or with EPO 
peptides binding to the EPO receptor. In this connection, 
it is advantageous to use EPO peptides rather than to use 
complete EPO molecules because peptides can be prepared 
more easily, for example by synthesis. 

EPO peptides which correspond to positions 1 to 26, 40 to 
59, 80 to 99, 99 to 118, 11 to 129, 131 to 150 and 147 to 
166, and antibodies directed against some of these EPO 
peptides, have already been disclosed by Sytkowski and 
Donahue, J. Biol. Chem. 262 (1987), 1161-.1165. Antibodies 
which were able to neutralize the biological activity of 
EPO are prepared by Sytkowski and Donahue only with EPO 
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peptides which correspond to positions 99 to 118 and 111 
to 129. The authors conclude from this that the (single) 
receptor-binding domain is located in the region of 
amino-acid positions 99 to 129 of EPO. It should be 
5 remembered in this connection that the EPO peptides were 
bonded via glutaraldehyde residues to a carrier for the 
immunization. EP-A2 148 605 describes, besides the 
preparation of EPO and derivatives thereof by genetic 
engineering, EPO peptides which comprise positions 1 to 

10 20, 41 to 57, 116 to 128 and 144 to 166. Polyclonal 

rabbit antibodies against these EPO peptides are also 
described; cf. SP-A2 148,605, page 90. However, the 
antibodies against EPO peptide 116 to 128 do not react 
with EPO. No neutralizing antibodies or antibodies 

15 directed against receptor regions of EPO are described in 

EP-A2 148,605. 

Thus, the technical problem on which the invention is 
based is to provide novel EPO peptides which allow the 
determination of further functional and immunological 

20 characteristics of EPO. The intention is furthermore to 

provide novel EPO peptides which bind to the EPO receptor 
and thus are suitable for treating disturbances of EPO 
regulation. An additional technical problem on which the 
invention is based is to provide antibodies against the 

25 said EPO peptides which are suitable for the detection of 

EPO and the treatment of disturbances of EPO function. 

The said technical problem is solved by providing the 
embodiments claimed in the patent claims. 

Hence the invention relates to EPO peptides which essen- 
30 tially comprise amino-acid positions 1 to 35 (P4), 7 to 

23 (P4/1), 44 to 78 (P3), 52 to 63 (P3/1), 74 to 109 
(PI), 84 to 95 (Pl/1), 93 to 137 (P5), 110 to 123 (P5/1), 
142 to 166 (P2) or 152 to 166 (P2/1) in accordance with 
the numbering of the amino-acid positions of natural EPO. 
35 EPO peptides PI, Pl/1, P3 and P3/1 according to the 
invention are highly immunogenic and allow high-titer 
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epitope-specif ic anti-EPO antibodies to be prepared, EPO 
peptides P2 and P2/1 surprisingly allow neutralizing 
anti-EPO antibodies to be prepared. It is assiimed accor- 
ding to the invention that these EPO peptides represent 
5 another receptor region which has not previously been 

identified. Hence these EPO peptides according to the 
invention are especially suitable for the therapy of 
disturbances of EPO regulation. EPO peptides P4 and P4/1 
are likewise highly immunogenic. By reason of the 100% 

10 homology of human EPO with monkey and murine EPO in this 

region, antibodies against these EPO peptides according 
to the invention are suitable for more than just the 
detection of himan EPO. EPO peptides P5 and P5/1 accor- 
ding to the invention are suitable for preparing anti-EPO 

15 antibodies which can be used to detect natural and 

partially denatured EPO, for example in Western Blots. 
These EPO peptides are in the receptor region already 
described by Sytkowski and Donahue (loc. cit.). The 
peptides P2, P4 and P5, in particular, are very similar 

20 to the corresponding epitopes on the naturally occurring 

EPO molecule, because specific antibodies reacting with 
these EPO peptides are suitable for the detection of 
natural EPO, for example in an ELISA or else in a Western 
Blot. 

25 The peptides according to the invention can be prepared 

by chemical or enzymatic cleavage of natural EPO or 
genetically engineered EPO. They can. furthermore be 
prepared directly by genetic engineering or synthesis. 
Synthetic preparation is preferred according to the 

30 invention. 

In preferred embodiments, the EPO peptides PI, Pl/1, P3, 
P3/1, P4, P4/1, P5 or P5/1 according to the invention 
have the following amino-acid sequences. 



35 



P 1 VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLL ; 
Pl/1 SSQPWEPLQLHV; 

P 3 NEMITVPDTKVNF YAWKRME VGQQAVE VWQGLALLS EA ; 
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P3/1 KRMEVGQQAVEV; 

P4 APPRLICDSRVLERYLLEAKEAENITTGCAEHCSL ; 
P4/1 CDSRVLERYLLEAKEAE; 

P5 LHVDKAVSGLRSLTTLLRALRAQKEAISPPDAASAAPLRTITADT ; 

5 or 

_ P5/1 FRKLFRRALRAQKEAISPPD, 

In a particularly preferred embodiment, EPO peptides P2 
and P2/1 have the following amino-acid sequences: 

P2 FRKLFRVYSNFLRGKLKLYTGEACRTGDR; or 
10 P2/1 KLKLYTGEACRTGDR, 

The EPO peptides according to the invention can be used 
for preparing epitope-specif ic anti-EPO antibodies. These 
peptides provide the advantage of a highly pure sub- 
stance , which can be validated, as immunogen which 
15 induces reproducibly defined, high-titer antisera at each 

immunization . 

The EPO peptides according to the invention can be used 
to prepare both polyclonal epitope-specif ic anti-EPO 
antibodies (antisera) and monoclonal epitope-specif ic 

20 anti-EPO antibodies. These antibodies are prepared in a 

manner known per se. However, according to the invention, 
the EPO peptides are preferably bound via cysteine 
residues to a carrier material for the immunization. If 
the EPO peptides contain no cysteine residue, one is 

25 attached in a customary manner. 

The invention furthermore relates to the epitope-specif ic 
anti-EPO antibodies which can be prepared with the EPO 
peptides according to the invention. These anti-EPO 
antibodies are advantageously directed against particular 
30 EPO epitopes or EPO domains. This makes it possible to 

employ them in assay systems in order to carry out 
epitope-specif ic detection of normal EPO titers or EPO 
titers during therapy. 
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The epitope-specif ic anti-EPO antibodies according to the 
invention are either polyclonal antibodies (antisera) or 
monoclonal antibodies* Since the polyclonal antibodies 
according to the invention are prepared with the EPO 
5 peptides according to the invention, the preparation 
thereof is reproducible and they are defined and high- 
titer. They are therefore very particularly suitable for 
use in all EPO detection systems to be validated. 

In another enibodiinent , the invention relates to anti- 
10 idiotype antibodies which are directed against the 

binding region of the abovementioned anti-EPO antibodies 
and which imitate an EPO receptor region. These anti- 
idiotype antibodies bind to the cellular EPO receptor. 
These anti-idiotype antibodies are prefereibly directed 
15 against the binding region of anti-P2 or anti-P2/l 

antibodies . 

In an embodiinent which is preferred according to the 
invention, the epitope-specif ic anti-EPO antibodies 
neutralize the biological activity of EPO* 

20 In another preferred embodiment, the abovementioned anti- 

idiotype antibodies recognize and influence cells which 
have EPO receptors . 

In another embodiment according to the invention, the 
epitope-specif ic anti-EPO antibodies according to the 

25 invention are used for purifying EPO, EPO derivatives or 

EPO peptides* The relevant purification processes take 
the form of customary chromatographic processes, for 
example immunoadsorption chromatographies or affinity 
chromatographies . The epitope-specif ic anti-EPO anti- 

30 bodies according to the invention are, where appropriate, 
bound to carrier materials suitable for chromatography 
for this purpose. 

The invention also relates to the use of the epitope- 
specific anti-EPO antibodies according to the invention 
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for the detection, preferably the epitope-specif ic 
detection, of EPO. The antibodies can also be used for 
the differential detection of EPO muteins . Such EPO 
itiuteins can be modified, for example, in the primary 
5 structure, i.e. in their amino-acid sequence. Anti-EPO 
antibodies which react specifically with such EPO muteins 
can be prepared using appropriately adapted EPO peptides 
as have been illustrated hereinbefore. The invention 
particularly relates to diagnostic aids which contain the 
10 EPO peptides, epitope-specif ic anti-EPO antibodies and/or 

anti-idiotype antibodies according to the invention. 

In another embodiment, the invention relates to pharma- 
ceuticals which contain at least one of the EPO peptides 
according to the invention or contain epitope-specif ic 

15 anti-EPO antibodies according to the invention. These 

pharmaceuticals preferably contain EPO peptides which 
block cellular EPO receptors . In another preferred 
embodiment, the pharmaceuticals according to the inven- 
tion contain epitope-specif ic anti-EPO antibodies 

20 according to the invention which neutralize the biologi- 

cal activity of EPO. The pharmaceuticals also contain, 
where appropriate, pharmaceutically tolerated auxiliaries 
and additives. 

Disturbances of EPO regulation can be treated with the 
25 said pharmaceuticals according to the invention. 

The figures show: 

Fig. 1: Direct erythropoietin-binding assay. 
Serum dilutions of epitope-specif ic or P2/l-specif ic 
rabbit antisera were adsorbed onto EPO (20 /ig/ml) -coated 
30 microtiter plates and bound antibodies were detected with 
enzyme-labelled anti-rabbit antibodies. Sera 336, 346, 
347 and 348 are prepared against the whole EPO molecule, 
sera 556, 557 and 558 are prepared against the peptide 
P2, and serum 444 is a rabbit pre- immune serum. 
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Fig* 2.: Inhibition of the biological activity of recom- 
binant human arythropoietln (rhuEPO) by rhuEPO-specif ic 
antisera. Antisera which had been obtained by the im- 
munization of rabbits with rhuEPO or the peptide sequen- 
5 ces P2 , P4, P5, coupled to keyhole limpet hemocyanin were 

^employed together with rhuEPO in a proliferation test of 
enriched erythroid precursor cells according to the 
Krystal method { Exp. Hematol . 7, 649 - 660). Antibodies 
which had been obtained by immunization with P2-KLH or 
10 EPO-KLH inhibit the proliferation of the erythroid 
precursor cells induced by rhuEPO* 

Fig. 3.: Reversal of the inhibition by anti-EP0-P2-KLH 
sera. The serxm was preadsorbed on P2-Sepharose up to 5 
times before the incubation of the precursor cells with 
15 rhuEPO and anti-P2-KLH antiserum in the Krystal assay 

(see above). The inhibitory activity of the serum can be 
removed completely by the preadsorption on peptide P2 . 

Material and methods 

Preparation of the peptides 

20 The peptides were preferably prepared by the solid-phase 

method on a polystyrene matrix (1% crosslinked with 
divinylbenzene ) , The loading of the polystyrene matrix 
with functional groups (-NH2) was preferably 0.4 - 
0-6 mmol/g of matrix. Since the peptides were prepared 

25 using the base-labile Fmoc group, p-alkoxybenzyl esters 

were used as anchor molecules . In general , 
dichloromethane and dimethyl formamide were used during 
the synthesis, N-methylpyrrolidone in exceptional cases. 
The amounts of the wash or reaction liquids were pre- 

30 ferably about 15 ml. Since the alpha-NHj groups of the 

amino acids were protected with the Fmoc group, the 
following protective groups were chosen for the side 
groups of the trifunctional amino acids: 
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Serine , threonine , tyros ine 
Glutamic acid, aspartic acid 
Arginine 



Cysteine 
Lys ine 



tert. -butyl ethers 
tert, -butyl esters 
4 -me t hoxy- 2 ,3,6- 
trimethylphenyl- 
sulfonyl 

tert • -butylmercapto 
tert . -butyloxycarbonyl 



The amino acids were preferably coupled via active 
esters, and in situ activation by HOBt/diisopropylcarbo- 
10 diimide was particularly preferred. 

The repetitive alpha-NH2 protective group elimination was 
carried out with a base, preferably with 20% piperidine 
in DMF at room temperature. 

The resin was washed with DMF and isopropyl alcohol after 
15 each of these reactions steps, coupling or deblocking. 

Acidolysis resulted in simultaneous elimination of the 
protective groups from the side groups and of the pep- 
tides from the matrix. This was preferably carried out 
using a mixture of trif luoroacetic acid and ethanedithiol 
20 (9:1/ v/v) . The sulfhydryl group of the cysteines was 

liberated by substances containing mercapto groups, such 
as, for example, dithiothreitol or butylphosphine . 

The synthetic peptides were investigated for their 
chemical composition and their purity. The composition of 

25 the peptides was determined by amino-acid analysis. For 

this purpose, a small sample was hydrolyzed with 5 N 
hydrochloric acid in the presence of phenol at 110 *C for 
24 or 72 hours, and the individual amino acids were 
determined quantitatively. The peptide contents were 

30 about 85%. The peptides were purified where appropriate 

by RP-HPLC (reversed phase high performance liquid 
chromatography) by known methods. The purity of the 
peptides was determined by HPLC on C18 reversed phase 
coliimns. A phosphate /acetonitrile gradient was used for 

35 this purpose, and a purity of more than 85% was found. 
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Coupling of the peptides to carrier molecules 

The peptides were preferably coupled via cysteine 
residues to a high molecular weight carrier protein, for 
example to albumin or ovalbumin, preferably to keyhole 
5 limpet hemocyanin (KLH) . The coupling was effected via a 

thioether linkage to the mercapto group of the cysteine. 
This type of coupling has the advantage that the peptide 
is coupled in a defined way to the carrier protein. If 
the peptides contained no cysteine residue, a cysteine 
10 residue was attached. 

Coupling of the peptides to Sepharose resins 

The peptides were coupled to Sepharose by a standard 
process using Sepharose activated with cyanogen bromide. 

Preparation of the antisera 

15 Immunization of rabbits 

In order to produce antibodies specific for EPO peptides, 
the peptide-KLH conjugates were emulsified with adjuvants 
and injected into rabbits in accordance with a 5-week 
immunization regimen. After this time the animals had 
20 produced specific antibodies and were bled. 

Detection of specific antibodies 

A solid-phase ELISA was used to assay the sera for 
peptide or EPO specificity. The content of 
peptide- specific and EPO-specific antibodies in the 
antisera or in the antibody fractions which had been 
purified by affinity chromatography was determined in 
plastic microtiter plates, which were coated with puri- 
fied EPO or with EPO peptides, using an enzyme-coupled 
anti-rabbit-Ig antiserum. In parallel with this, the 
antibodies were examined in a Western Blot to detect the 
specific EPO bands of 34-38 kDa. 



25 



30 
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Determination of neutralizing antibodies 

The Krystal proliferation test (1983, Exp. Hematol. 1, 
649-660) was used to examine the rhuEPO-specif ic or 
rhuEPO peptide-specif ic antisera for neutralizing pro- 
5 perties* Female NMRI mice were injected with 48 mg/kg 
phenylhydrazine hypochloride on two consecutive days* 4 8 
hours after the last injection the spleens of the animals 
were removed, and a single cell suspension was prepared, 
Erythroid precursor cells were enriched by means of a 

10 Ficol-gradient {D = 1<077). In order to induce the 

proliferation of the cells, 3 x 10^ cells/well were 
incubated with 0,1 pmol/ml rhuEPO in a 96-well microtiter 
plate • In order to carry out the inhibition tests, EPO 
was pre-incubated with dilutions of the antisera and then 

15 used in the proliferation test, 

Epitope-specif ic antibodies were purified by standard 
methods, the antibodies being adsorbed onto the Sepharose 
overnight from an ammonium sulfate precipitate which had 
been dialyzed against PBS, unbound material being washed 
20 out with PBS, pH 7,0, and siibsequently the specific 

antibodies being eluted with aqueous acid, pH 2.5, The 
eluates were immediately neutralized to pH 7,0 with solid 
sodium phosphate and dialyzed against PBS . 

Coupling of epitope-specif ic antibodies to Sepharose 
25 resins 

The epitope-specif ic antibodies were coupled in a stan- 
dard process to Sepharose activated with cyanogen 
bromide . 

Purification of erythropoietin by affinity chromatography 

30 Erythropoietin from cell culture supernatant s was adsor- 

bed onto epitope-specif ic antibody columns and could be 
eluted, without loss of biological activity, by customary 
processes by changing the pH from pH 7-8 to pH 2-3, 
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The examples illustrate the invention. The following 
abbreviations are used in these: 



10 



t-Bu 


tert . -Duty i et:ner 


Mtr 


4-methoxy-2 , 3 , 6-triinethylphenylsulf onyl 




dimethyl f ormamide 


HOBt 


hydroxybenzotriazole 


Hoc 


tert . -butyloxycarbonyl 


Fmoc 


f luorenylmethoxycarbony 1 


GMBS 


gamma-maleimidobutyric acid N-hydroxysuccinimide 




ester 




Example 1 



Preparation of the immunizing antigen 
a) Synthesis of peptide (P2/1): 

H-Lys-Leu-Lys-Leu-Tyr-Thr-Gly-Glu-Ala-Cys-Arg-Thr-Gly- 
15 Asp-Arg 

The peptide was synthesized using a completely automatic 
peptide synthesizer. The protective groups were elimina- 
ted from 1 g of Fmoc-Arg(Mtr) -p-alkoxybenzyl-ester-resin 
with 15 ml of 20% piper idine/DMF {v/^) r followed by 

20 washing several times with DMF and isopropanol, 1 mmol of 

Fmoc-Asp{t-Bu) (three-fold excess) and 203 mg of HOBt 
dissolved in 15 ml of DMF were added. After addition of 
1*1 ml of a 1 M diisopropylcarbodiimide solution 
(dichloromethane) / the coupling was carried out for 

25 1,5 hours. Excess reagents were removed by washing with 

DMF in isopropanol. This coupling scheme was maintained 
up to the N- terminal amino acid. A Boc -protected amino 
acid was employed as the final amino acid. Each coupling 
step was checked for completeness by a ninhydrin test, 

30 1.06 g of resin were stirred with 2.5 ml of thioanisole, 

2.5 ml of ethanedithiol and 15 ml of trif luoroacetic acid 
at 35 *C for 4 hours and filtered off. The acid solution 
was poured into ether, and the precipitated peptide was 
filtered off and chromatographed on a Sephadex* G25 
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colxurm, 3 x 100 cm, 0.5% acetic acid. The peptide pool 
was freeze dried. The yield was 230 mg. 

b) Liberation of the sulfhydryl group 

70 mg of the peptide were dissolved in 7 ml of trifluoro- 
5 ethanol and 350 ^1 of water, and the pH was adjusted to 

7*3 with N-me thy Imorpho line. The reaction vessel was 
flushed with nitrogen, and 40 ^1 of tri-n-butylphosphine 
were added. The mixture was stirred at room temperature 
for 1 hour, diluted with 50 ml of water and the pH was 
10 adjusted to 4.0. The aqueous phase was extracted three 

times with 10 ml of diethyl ether, concentrated to 10 ml 
and purified on Sephadex* G25 (3 x 100 cm; 0.5% acetic 
acid) . 55 mg of peptide were obtained after freeze 
drying . 

15 c) Conjugate preparation 

30 mg of KLH (keyhole limpet hemocyanin) were dissolved 
in 0.05 mmol/1 sodiinn phosphate buffer, pH 8.0, and 
activated with 3 mg of GBMS for 1 hour. The protein was 
chromatographed on a Sephadex* G50 column (2 x 30 cm) 
20 (0.1 mol/1 sodiim phosphate; 0.5 mmol/1 EDTA, pH 5.0). 

The protein pool was concentrated to 6 ml and incubated 
with 30 mg of the peptide containing sulfhydryl groups 
for 1 hour. Dialysis and freeze drying resulted in 38 mg 
of peptide conjugate. 

25 Example 2 

Immunization of rabbits 

Rabbits were immunized with 1,7 mg of antigen per animal 
on each occasion for a period of 5 weeks. At the first 
immunization, the animals each received 0.4 mg of antigen 
30 in complete Freund's adjuvant (CFA) subcutaneous ly at 8 

immunization sites in the vicinity of the lymph nodes. 
This was followed 2 weeks later by subcutaneous 
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immunization with 0.8 mg of antigen/animal in CFA, After 
a further 2 weeks, the animals received intravenous 
administration of 0,1 mg of antigen in Aerosil on each of 
5 consecutive days, 3 days later they were bled, and the 
individual antisera were obtained, 

— Example 3 

Preparation of immune ads orb ants with peptides 

For the purification of the crude antisera by affinity 
chromatography, about 20 mg of, for example, the penta- 
decapeptide ( P2 / 1 ) : 

H-Lys-Leu-Lys-Leu-Tyr-Thr-Gly-Glu-Ala-Cys-Arg-Thr-Gly- 
Asp-Arg-OH 

were immobilized covalently on a solid phase. The coup- 
ling reaction was carried out with Sepharose activated 
with cyanogen bromide by a described process (Axen et 
al.. Nature 214 (1967), 1302). The immunoadsorbant was 
subsequently washed in each case with phosphate-buffered 
saline (PBS; 0,15 mol/1, pH 7,2) and acetic acid 
(0,5 mol/1, pH 2,5), Before use, the adsorbent was 
equilibrated with three times the volume of PBS. 
Yield: about 20 ml of peptide-Sepharose , 

The other peptides were used in the same way for prepar- 
ing immunoadsorbants • 

Example 4 

Obtaining antibodies 

100 ml of crude antiserum were applied to a PBS- 
equilibrated peptide-Sepharose (1,5 x 15 cm) and 
subsequently washed with PBS until the extinction at 
280 nm was 0.01. This was followed by washing steps with 
1 M NaCl, pH 7.0, and water (pH 7.0), using 3 times the 
gel volume in each case. The antibodies were eluted from 
the immunoadsorbant with water (pH 2.5), and the antibody 
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solution was adjusted to pH 7.0 with solid sodiiom phos- 
phate (0*001 mol/1), concentrated (Anaicon membrane) and 
stored at -70 'C. Yield: 35 mg of antibody, 

ExamiDle 5 

5 Testing of the antibodies 

a) Preparation of EPO- or peptide-coated microtiter 
plates 

20 ^g/ml EPO or EPO-specific peptides were coupled in 
carbonate buffer in plastic microtiter plates at 4'C 
10 overnight. Before carrying out the assays, the plates 

were washed twice with PBS, saturated with PBS/0.5% BSA 
for 30 minutes and then washed three times with PBS. 

b) Enzyme immunoassay procedure 

The plates saturated with BSA were incubated with dilu- 
15 tions of the anti-SPO rabbit antisera or of the purified 

antibody fractions for 2 hours. After this time they were 
washed with PBS and incubated with anti-rabbit Ig anti- 
serum, which was coupled to alkaline phosphatase, for 
2 hours. This was followed by two washes with PBS, then 
20 two with 0.2 M tris-HCl, pH 9.5, and then briefly with 

1 M tris-HCl, pH 9.5. The reaction was stopped with 1 M 
NaOH after one hour, and the optical density at 405 mm 
was measured. 

c) Western Blot procedure 

25 EPO standards were fractionated by polyacrylamide gel 

electrophoresis and transferred to nitrocellulose (Towbin 
et al., Proc. Natl, Acad. Sci. USA, 76 (1979), 4350 - 
4354). The filters were saturated in PBS/0.5% BSA and 
then incubated with the antibodies overnight. The filters 

30 were then washed three times with PBS and incubated with 
anti-rabbit Ig antiserum conjugated to alkaline 
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phosphatase, for 2 hours. Three washes in PBS, one wash 
in 0.2 M tris-HCl, pH 9*5, and a brief wash in 1 M tris- 
HCl, pH 9,5, were followed by development of the blots 
with 4-nitrotetrazoliiiin chloride blue hydrate (500 ^q/ml) 
5 and 5-bromo-4-chloro-indoxyl phosphate p-toluidinium salt 

(200 pg/ml) in 1 M tris-HCl, pH 9*5. The reaction was 
stopped with water after 20 minutes* 

Example 6 

Preparation of immunoadsorbants with antibodies 

10 20 to 50 mg of antibodies purified by affinity chromato- 

graphy were coupled by a standard process (Axen et al.. 
Nature 214 (1967), 1302) to Sepharose activated with 
cyanogen bromide and further treated as described in 
Example 3 . 

15 Example 7 

Purification of erythropoietin by affinity chromatography 

Immunoadsorbants which contained EPO-specific antibodies 
were employed as described above for the purification of 
EPO and EPO muteins by affinity chromatography. 

20 Example 8 

Preparation of monoclonal antibodies 

For the preparation of monoclonal antibodies, EPO ob- 
tained by recombinant DNA techniques and also the pep- 
tides described above were used as antigens . The pep- 
25 tides were coupled to KLH (keyhole limpet hemocyanin) 

beforehand. 



Balb/c mice (female) were immunized intraperitoneally or 
subcutaneous ly with 10 fig and were boosted for several 
weeks. Immediately before the actual fusion, the 



experimental animals were additionally boosted intraven- 
ously for 4 consecutive days . 

On the day of the ^fusion the spleens were removed sterile 
and suspended to give single cells. By means of the 
fusion of 10^ spleen cells with 2 x 10^ cells of a myeloma 
cell line (SP 2/0), hybrid cells were created which were 
subsequently distributed in a concentration of 10® cells/ 
well in a selective medium (DMEM (Dulbecco's minimal 
essential medium) + 20% FCS (fetal calf serum); 0,1 mM 
hypoxanthine ; 0*4 mM aminopterin; 16 raM thymidine) on 24- 
well plates (Costar), After 2-3 weeks single cell 
colonies were isolated from the wells and transferred to 
another well in new culture plates (24-well, Costar) in 
each case. After a further 2-3 days, these culture 
supernatants were screened for the presence of anti-EPO 
antibodies in an enzyme immunoassay* Hybrids producing 
specific antibodies were selected and were cloned with 
the aid of a single cell manipulator. 

Example 9 

Preparation and determination of anti-idiotypic anti- 
oodies 

A syngenic monoclonal antibody with the desired specifi- 
city against EPO/EPO peptide was used for the immuniza- 
tion* Instead of the entire antibody, the Fab '-fragment 
was coupled to BSA or KLH and was injected intraperitone- 
ally or subcutaneous ly in CFA (complete Freund's ad- 
juvant) into female Balb/c mice. The further preparation 
of the monoclonal anti-idiotypic antibodies corresponds 
to the process described in Example 8. 

Culture supernatants were tested for the presence of 
anti-idiotype antibodies in an enzyme immunoassay using 
the antibody employed in the immunization conjugated to 
peroxidase (POD), and in yet another enzyme immunoassay 
it was tested whether these anti-idiotype antibodies can 
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be inhibited by antigens. Hybrids producing anti-idiotype 
antibodies which can be inhibited by antigens were 
selected and were cloned with the aid of a single cell 
manipulator* 



Patent claims US; 

1. An erythropoietin (EPO) peptide which essentially 
comprises ainino-acid positions 1 to 35 (P4), 7 to 22 
(P4/1), 44 to 78 (P3), 52 to 63 {P3/1), 74 to 109 (PI), 
84 to 95 (Pl/1), 93 to 137 (P5), 110 to 123 {P5/1), 142 
to 156 (P2) or 152 to 165 (P2/1) in accordance with the 
numbering of the amino-acid positions of natural EPO, 

2. An EPO peptide as claimed in claim 1, which is of syn- 
thetic origin. 

3- An EPO peptide as claijned in claim 1, which has one of 
the following amino-acid sequences: 

P 1 VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLL ; 
Pl/1 SSQPWEPLQLHV; 

P3 NSMITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEA; 
P3/1 KRMEVGQQAVEV; 

P4 APPRLICDSRVLERYLLEAKEAENITTGCAEHCSL ; 
P4/1 CDSRVLERYLLEAKEAE; 

P5 LHVDKAVSGLRSLTTLLRALRAQKEAISPPDAASAAPLRTITADT ; 

or 

P5/1 RALRAQKEAISPPD, 

4. An EPO peptide as claimed in claim 1, which has one of 
the following amino-acid sequences: 

P2 FRKLFRVYSNFLRGKLKLYTGEACRTGDR; or 
P2/1 KLKLYTGEACRTGDR. 

5. The use of EPO peptides as claimed in claim 1 for the 
preparation of epitope-specif ic anti-EPO antibodies, an 
epitope being defined as being composed of one or more 
peptides, or one or more sections of peptide sequences. 



6. 



An epitope-specific anti-EPO antibody, which is directed 
against an EPO peptide as claimed in claim 1, and/or directed 
against an EPO epitope according to claim 5. 
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An epitope-specif ic anti-EPO antibody as claimed in claim 
6, which is a monoclonal antibody. 

8* An epitope-specif ic anti-EPO antibody as claimed in claim 
6, which neutralizes the biological activity of EPO. 

9. An anti-idiotype antibody against the binding region of 
an EPO-neutralizing antibody as claimed in claim 8. 

10. The use of the epitope-specif ic anti-EPO antibodies as 
claimed in claim 6 for purifying EPO, EPO derivatives or 
EPO peptides . 

11. A diagnostic aid containing an antibody as claimed in 
claim 5 for the detection of EPO. 

12. A diagnostic aid containing an EPO peptide as claimed in 
claim 1 for the detection of anti-EPO antibodies. 

13. A pharmaceutical containing at least one EPO peptide as 
claimed in claim 1 and, where appropriate, pharmaceuti- 
cally tolerated auxiliaries and additives . 

14. A pharmaceutical containing an epitope-specif ic anti-EPO 
antibody as claimed in claim 8 and, where appropriate, 
pharmaceutically tolerated auxiliaries and additives. 

15. A pharmaceutical containing an anti-idiotype antibody as 
claimed in claim 9 and, where appropriate^ pharmaceuti- 
cally tolerated auxiliaries and additives . 

16. A diagnostic aid containing an anti-idiotype antibody as 
claimed in claim 9 for the detection of neutralizing 
antibodies or EPO receptors . 
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Abstract of the disclosure 

Erythropoietin (EVP) peptides and antibodies 
directed against these 

Erythropoietin (SPO) peptides and the use thereof for 
preparing epitope-specif ic anti-EPO antibodies are 
described. Also described are corresponding anti-EPO 
antibodies which take the form of polyclonal antibodies 
(antisera) or of monoclonal antibodies. These antibodies 
are suitable for purifying EPO, EPO derivatives or EPO 
peptides. The epitope-specif ic anti-EPO antibodies 
according to the invention can also be used for the 
detection of EPO and, in particular, for the epitope- 
specific detection of EPO, Additionally described are 
anti-idiotype antibodies which imitate a receptor region 
of EPO. Finally, pharmaceuticals which contain the said 
EPO peptides, anti-EPO antibodies or anti-idiotype 
antibodies, and diagnostic aids for the detection of EPO 
or of anti-EPO antibodies, are described. 
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